(e.g., Spencer et al., 1982; Bryant, 1988) and our own observations, it seems that loss of dpp results in proportionate size reduction in both imaginal disc cell layers. 
. Conceptually, howbryogenesis, dorsal ectodermal cells secrete DPP to induce cardiac fate in underlying mesoderm (Frasch, ever, there are at least two alternate routes of DPP movement to all cells of the imaginal disc: "laterally" through 1995). In both of these cases, DPP is employed to transmit positional information outside the context of a monoepithelia or "vertically" through the disc lumen. We stained discs with an antibody directed to the DPP prolayer epithelial sheet.
Here we demonstrate that DPP is present in the lumetein (Panganiban et al., 1990b) to distinguish between these two possibilities. nal cavity separating apposed peripodial and columnar cell layers of eye, leg, and wing imaginal discs. We also As expected, punctate intracellular DPP expression show that removal of the TKV receptor from peripodial was observed in the known dpp expression domains of cells renders them inviable and morphologically abnorleg, wing, and eye disc columnar epithelia. For example, mal in both eye and wing discs. In addition, peripodial-DPP was observed in a stripe and a compartmentally specific inhibiton of DPP signaling causes size reduction asymmetric distribution similar to the DPP pathway acand patterning defects in wing and eye discs. We sugtivity gradient in the wing disc ( Figure 1A ; Tanimoto et gest that lumenal DPP signals to peripodial cells and al., 2000; Teleman and Cohen, 2000). In the eye disc, that dpp-dependent growth of the peripodial epithelium strong DPP expression was observed in columnar cells is a necessary component of global disc morphogeneof the morphogenetic furrow ( Figure 1B) , as previously sis. On the basis of these findings, we propose that reported (Heberlein et al., 1993). In addition, however, spatial restriction of DPP in distinct lumenal and epithewe observed intense extracellular DPP in the lumenal lial domains could account for its dual role in growth cavities of eye, leg, and wing discs ( Figures 1B-1D ). and pattern formation.
Lumenal DPP was detected in globular aggregates that did not form a visibly graded distribution, but, rather, appeared evenly spread throughout the lumenal cavity.
Results
Given the unexpected nature of the results, we ruled out the possibility of a secondary antibody artifact using Lumenal DPP in Wing, Leg, and Eye Discs appropriate controls. To test the specificity of the priIn the wing disc, DPP transcription is restricted to a mary antibody, we eliminated dpp expression in living strong band that runs through the center of the columnar discs using a temperature-sensitive mutation in hedgeepithelium and continues as a faint thin stripe along hog (hh staining and show that DPP is broadly distributed and was secreted into the lumenal cavity ( Figures 3A-3D ). In confocal XZ sections, lumenal fluorescence was conhighly concentrated in the lumenal space. Analysis of control wing discs counterstained with phalloidin demsiderably more intense than DPP-GFP observed within columnar cells immediately flanking the dpp expression onstrates that lumenal anti-DPP staining is indeed extracellular ( Figure 2E ). Previous studies also document the domain ( Figures 3C and 3D ). Within cells of the columnar epithelium, intracellular DPP-GFP was observed in punspecificity of the antibody, which has been used to immunoprecipitate DPP from cell culture media (Panganictate apical structures ( Figures 3B-3D Figures 6B and 6C ). 1997). Experimental larvae displayed small and strikingly
The diverse phenotypes observed in these experiments abnormal wing discs, often with deep ectopic clefts are probably best explained by excessive cell death through the blade primordium ( Figures 5E and 5F ). Dewithin the disc columnar epithelium. This was confirmed spite severe abnormalities, the peripodial epithelium reby staining AGiR-Gal4ϾUAS-dad wing discs with the mained structurally intact in these experiments, eviapoptosis indicator acridine orange ( Figures 6D and 6E) . denced by the ability of AGiR-Gal4ϾUAS-dad discs to Columnar cell death could be caused by loss of a DPPevaginate normally and give rise to adult cuticle. This dependent peripodial signal or, alternatively, constricobservation indicates that the observed phenotypes tion and aberrant morphogenesis of the wing blade priwere not the result of simply ablating the wing peripodial mordium due to a failure in the coordinate expansion cell layer. AGiR-Gal4ϾUAS-dad adult wing phenotypes were consistent with the disc defects, including small of the peripodial sac. Figure 7C ). Computer-enhanced cross-sections suggest that many c311-Gal4ϾUAS-dad eye discs were comprised entirely of polarized epithelium ( Figure  7D ). It is unclear whether peripodial cells converted to columnar/cuboidal morphology or were simply eliminated in these experiments, but the results clearly suggest a requirement for peripodial DPP signaling in growth and epithelial morphogenesis in the eye imaginal disc. (Figures 1-3) . Second, FLP/FRT clonal analyses demonstrate that eye and wing peripodial cells receive and require DPP signaling via tkv during disc development (Figures 3 and 4) . Third, Gal4/UAS-mediated gene misexpression shows that peripodial-specific inhibition of dpp signaling results in severely reduced disc size (Figures 5-7) . The limitations of each approach are several, but a conservative assessment of the data indicates that DPP is secreted into the lumen in close proximity to peripodial cells whose survival hinges on DPP reception. Peripodial transduction of DPP is in turn required for cell survival and coordinate growth of the peripodial sac during disc development. Inhibiting DPP signaling in the peripodial Res. 27, 85-88.
Peripodial DPP Signal Transduction Is Required for Eye Development

Discussion The Lumenal Transmission of DPP Observations from three classes of experiments suggest that DPP is secreted into the lumenal cavity of developing imaginal discs and that DPP-dependent survival of the peripodial epithelium is required for eye and wing development. First, immunocytochemistry and direct observation of a GFP-tagged DPP molecule establish the lumenal localization of DPP
Frasch, M. (1995). Induction of visceral and cardiac mesoderm by
